All relevant data are included within the paper and its Supporting Information.

Introduction {#sec005}
============

The high prevalence of overweight and obesity is a worldwide health problem, and is already manifest in preschool children \[[@pone.0118303.ref001]\]. Childhood overweight is associated with serious health problems, the risk of premature illness and early death later in life \[[@pone.0118303.ref001]\]. In developed countries, the prevalence of overweight and obesity among children under the age of five years increased from 7.9% in 1990 to 11.7% in 2010 with an expected prevalence of 14.1% in 2020 \[[@pone.0118303.ref001]\]. In Europe, the prevalence of overweight in preschool boys ranges from 10% in Belgium and Germany to 30% in Spain. In preschool girls, it ranges from 8% in Germany to 30% in Spain \[[@pone.0118303.ref002]\]. Changes in lifestyle behaviour are likely to be the main cause of the increase in overweight and obesity, rather than changes in biologic or genetic factors \[[@pone.0118303.ref003]\]. Weight gain is determined by the cumulative effect of low levels of physical activity (PA), high levels of sedentary behaviour (SB), and unhealthy dietary behaviours, also referred to as energy balance-related behaviours (EBRBs) \[[@pone.0118303.ref004]\]. Focusing on several EBRBs could be more effective in overweight and obesity prevention in preschoolers, since focusing on one single EBRB as a universal causal factor of overweight and obesity is not ideal because it is the co-existence and interaction of these specific EBRBs that results in preschoolers' weight gain \[[@pone.0118303.ref004], [@pone.0118303.ref005]\]. Furthermore, establishing healthy lifestyle behaviours---such as more PA, less SB, and healthy dietary behaviours---is already important at an early age, since these healthy EBRBs track into later life \[[@pone.0118303.ref006]--[@pone.0118303.ref009]\], and even into adulthood \[[@pone.0118303.ref010], [@pone.0118303.ref011]\].

For PA, SB and dietary behaviours, guidelines have been developed for children at preschool age. The most recent PA guidelines for preschool children suggest that preschoolers (one- to five-year-olds) should be physically active every day for at least three hours (180 minutes) at any intensity, spread throughout the day \[[@pone.0118303.ref012]--[@pone.0118303.ref015]\]. This guideline corresponds to taking 11,500 steps/day \[[@pone.0118303.ref016]\].Next to the suggestion to limit prolonged periods of sitting \[[@pone.0118303.ref017]--[@pone.0118303.ref019]\], SB guidelines also include specific recommendations for the amount of screen time per day, because screen time is the most common SB in preschool children, and is therefore frequently used as a proxy marker of overall SB in preschoolers \[[@pone.0118303.ref012], [@pone.0118303.ref020]\]. Recent guidelines recommend that preschool children (one- to five-year-olds) should limit watching television (TV) and the use of other electronic media---like computer, DVDs and other electronic games---to less than one hour per day \[[@pone.0118303.ref017]\]. However, overall sedentary time is not made up of screen time alone, so it is important to measure preschoolers' time spent in quiet play (e.g., drawing, tinkering, puzzling, looking into books) as well, since quiet play is categorized as productive SB \[[@pone.0118303.ref012]\]. Food-based dietary guidelines (FBDG) for preschool children only exist on a national basis. The FBDG used in the present study are based upon the nutrient recommendations of the Belgian Health Council and the World Health Organization, combined with data on habitual dietary intake in the Belgian population \[[@pone.0118303.ref021]\]. These FBDG are very similar to dietary guidelines in other countries, making these guidelines applicable for a European population of preschoolers \[[@pone.0118303.ref022]\]. The Belgian FBDG suggests limiting the consumption of sugar-sweetened beverages (SSBs) and unhealthy snacks, since these kinds of beverages and foods are strictly not necessary in a balanced diet (e.g., soft drinks, candy, potato chips). Furthermore, preschool children should consume 500 ml to 1,000 ml water per day \[[@pone.0118303.ref023]\].

To date, there are not many studies investigating several EBRBs simultaneously in preschool children. Only one study simultaneously compared EBRBs in preschoolers across six European countries (Belgium, Bulgaria, Germany, Greece, Poland, and Spain) by executing a pooled analysis of six European studies \[[@pone.0118303.ref002]\]. However, since data from six different studies were used, results could not be compared due to differences in the variables of interest, in sample sizes, and differences in measurement methods \[[@pone.0118303.ref002]\]. Large cross-European studies examining preschoolers' engagement in EBRBs, assessed by the same measurement methods, are currently lacking. The present study presents data on four- to six-year-old preschoolers' EBRBs from six European countries, assessed with the same measurement methods \[[@pone.0118303.ref024]\]. Preschoolers' EBRBs were examined across six European countries to expose local and cultural differences and similarities, which could serve as a base for the development of future interventions targeting overweight and obesity in preschool children, as the interaction and co-existence of these three EBRBs (i.e., PA, SB and dietary behaviour) has an influence on preschoolers' weight status \[[@pone.0118303.ref004]\]. These data could inform policy makers and research institutions on which behaviours to target in which countries. We specifically focused on four- to six-year-old children since this is the critical period for the adiposity rebound. At this age, body adipose tissue reaches a post infancy low point (typically at the age of four to six years) \[[@pone.0118303.ref025]\].

Methods {#sec006}
=======

Participants {#sec007}
------------

All subjects in the present study participated in the ToyBox cross-sectional study, with the aim to collect information on the prevalence of overweight and obesity, and on EBRBs and their correlates across six European countries: Belgium, Bulgaria, Germany, Greece, Poland, and Spain. Per country, kindergartens were selected in the provinces of West- and East-Flanders in Belgium, Varna in Bulgaria, Bavaria in Germany, Attica in Greece, Warsaw and surroundings in Poland, and Zaragoza in Spain. Within each of these provinces, kindergartens were recruited from different socio-demographic backgrounds. In all countries, lists of all municipalities that exist within the selected provinces were created and information on the socio-economic status (SES) variables was provided (years of education for the population of 25--55 years (cut-off: \>14 years of education) or annual income (quantitative variable)). Tertiles were created, based on the selected SES variables, and each country randomly selected five municipalities per SES status (thus, five municipalities for low SES, five for medium SES, and five for high SES). Then, kindergartens within these randomly chosen municipalities were randomly selected (with the exclusion of the lowest 20% of the kindergartens with the smallest number of pupils). Power analyses were performed before the start of the study, and were based on a previous school-based intervention study \[[@pone.0118303.ref026]\]. The analyses showed that a sample size of at least 800 preschool children per country would be sufficient to detect changes in EBRBs and their determinants during future follow-up measurements. To account for possible drop-out, each country had to recruit an initial number of 1,100 preschoolers, which would make a total sample of 6,600 preschool children across all six countries. Particularly in Greece, over sampling occurred due to the transition from kindergarten to primary school at the age of five in Greece, which means that these children would be located in other institutions in Greece during future follow-up measurements. Data collection occurred between March and June 2012. Furthermore, preschoolers' parents/caregivers provided written informed consent before being enrolled in the study (only in Belgium, parents/caregivers provided passive informed consent).

Ethics statement {#sec008}
----------------

This study was included in the approval of the ToyBox-study by Ethical Committees in all six European countries, in line with national regulations (i.e., the Ethical Committee of Ghent University Hospital (Belgium), Committee for the Ethics of the Scientific Studies (KENI) at the Medical University of Varna (Bulgaria), Ethikkommission der Ludwig- Maximilians-Universität München (Germany), the Ethics Committee of Harokopio University of Athens (Greece), Ethical Committee of Children's Memorial Health Institute (Poland), and CEICA (Comité Ético de Investigación Clínica de Aragón (Spain)).

Procedure {#sec009}
---------

Measurements were conducted according to standardized protocols. The procedure of data collection, data deposition and data reporting was standardized and harmonized within the ToyBox-study. Preschoolers between 3.5 and 5.5 years old were fitted with a motion sensor to assess their PA levels, and they received two parental questionnaires (core questionnaire and food frequency questionnaire (FFQ)) in a closed envelope to take home for completion by one of the parents/caregivers.

### Physical activity {#sec010}

PA was assessed by means of steps per day using Omron Walking Style Pro pedometers (HJ-720IT-E2) (Bulgaria, Germany, Greece, Poland, and Spain) and ActiGraph (Pensacola, FL) accelerometers (Belgium). Step counts from both pedometer and accelerometer are comparable (r = 0.89) and are validated to measure PA in preschool children against the Actigraph accelerometer counts (pedometer: r = 0.64; accelerometer: r = 0.89) \[[@pone.0118303.ref027]\]. The devices were worn on the right hip, secured by an elastic waist band.

Preschoolers wore the motion sensors for six consecutive days, including two weekend days. Preschoolers' parents/caregivers received an informational letter and were instructed to let their child wear the measurement devices during all waking hours and to remove the device during water-based activities. After data collection, pedometers were downloaded using Omron Health Management Software version E1.012, and accelerometers were downloaded using ActiLife version 5.5.5-software. Both the first (fitting day) and sixth day (collection day) were omitted, because these days did not have a full day of data and were therefore incomplete. Preschoolers' step count data were included in data analyses when they had valid data for a minimum of two weekdays and one weekend day. All step counts below 1,000 and above 30,000 steps per day were deleted and treated as missing data \[[@pone.0118303.ref028]\]. Steps per day were separately calculated for weekdays and weekend days. Steps per weekday and steps per weekend day were dichotomized into 0 (\< 11,500 steps/day) and 1 (≥ 11,500 steps/day), to calculate the percentage of preschoolers meeting the PA guideline of 11,500 steps/day which corresponds to 180 minutes of total PA per day \[[@pone.0118303.ref016]\].

### Sedentary behaviour {#sec011}

SB (TV viewing, computer use, and quiet play) was assessed by three questions in the core questionnaire. These questions assessed the amount of hours per weekday and per weekend day the child watches TV (ICC~week~ = 0.67; ICC~weekend~ = 0.67), plays on the computer or game consoles (ICC~week~ = 0.72; ICC~weekend~ = 0.81), and plays quietly during leisure time (e.g., drawing, colouring, playing with blocks/puppets; ICC~week~ = 0.42; ICC~weekend~ = 0.50). Answers ranged from"never" to"more than 8 hours per day", on a nine-point scale. The answer possibilities for these questions are depicted in [Table 1](#pone.0118303.t001){ref-type="table"}. The variables were then recoded into min/day to ensure that numerical outcomes could be used to describe the prevalence of TV viewing, computer use and quiet play. To calculate the percentage of preschoolers meeting the screen time guideline of less than one hour of screen time per day, minutes of TV viewing and computer use were added up and were then dichotomized into 0 (\< 60 minutes of screen time per day) and 1 (≥ 60 minutes of screen time per day) \[[@pone.0118303.ref017]\].

10.1371/journal.pone.0118303.t001

###### Questions and answer possibilities on preschoolers' sedentary behaviour.

![](pone.0118303.t001){#pone.0118303.t001g}

                                 Question                                                                                                                                                                                                                    Answer possibilities
  ------------------------------ --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ----------------------
  Television viewing             About how many hours a day does your child usually watch television (including DVDs and videos) in his/her free time?[^1^](#t001fn001){ref-type="table-fn"}                                                                 1\. Never
  2\. Less than 30 minutes/day                                                                                                                                                                                                                               
  3\. 30 minutes to \<1 hr/day                                                                                                                                                                                                                               
  4\. 1--2 hrs/ day                                                                                                                                                                                                                                          
  5\. 3--4 hrs/ day                                                                                                                                                                                                                                          
  6\. 5--6 hrs/ day                                                                                                                                                                                                                                          
  7\. 7--8 hrs/ day                                                                                                                                                                                                                                          
  8\. 8 hrs/ day                                                                                                                                                                                                                                             
  9\. More than 8 hrs/ day                                                                                                                                                                                                                                   
  Computer use                   About how many hours a day does your child use the computer for activities like playing games on a computer, game consoles (e.g., Playstation, Xbox, GameCube) during leisure time?[^1^](#t001fn001){ref-type="table-fn"}   1\. Never
  2\. Less than 30 minutes/day                                                                                                                                                                                                                               
  3\. 30 minutes to \<1 hr/day                                                                                                                                                                                                                               
  4\. 1--2 hrs/ day                                                                                                                                                                                                                                          
  5\. 3--4 hrs/ day                                                                                                                                                                                                                                          
  6\. 5--6 hrs/ day                                                                                                                                                                                                                                          
  7\. 7--8 hrs/ day                                                                                                                                                                                                                                          
  8\. 8 hrs/ day                                                                                                                                                                                                                                             
  9\. More than 8 hrs/ day                                                                                                                                                                                                                                   
  Quiet play                     About how many hours a day does your child have quiet play ((looking into books, playing with blocks, playing with dolls, drawing, construction) during leisure time?[^1^](#t001fn001){ref-type="table-fn"}                 1\. Never
  2\. Less than 30 minutes/day                                                                                                                                                                                                                               
  3\. 30 minutes to \<1 hr/day                                                                                                                                                                                                                               
  4\. 1--2 hrs/ day                                                                                                                                                                                                                                          
  5\. 3--4 hrs/ day                                                                                                                                                                                                                                          
  6\. 5--6 hrs/ day                                                                                                                                                                                                                                          
  7\. 7--8 hrs/ day                                                                                                                                                                                                                                          
  8\. 8 hrs/ day                                                                                                                                                                                                                                             
  9\. More than 8 hrs/ day                                                                                                                                                                                                                                   

^1^ Separate questions for weekdays and weekend days.

### Beverage consumption {#sec012}

Beverage consumption (intake of water and intake of sugar-sweetened beverages (SSBs)) was assessed in the FFQ. First, parents/caregivers were asked on how many days per week their child drinks water or soft drinks on a six-point scale ranging from "never or less than once a month" to "every day". Subsequently, they were asked to indicate how much their child drinks on days they consumed water or soft drinks by ticking the average amount per day, ranging from "100ml or less" to "1000ml or more" on an eleven-point scale. The different answer possibilities for the intake of water and SSBs are depicted in [Table 2](#pone.0118303.t002){ref-type="table"}. Colored food photographs of various portion sizes were printed and added to the questionnaire to help parents/caregivers to quantify to the average portion size consumed by their child on the day of consumption. Mean intake in ml per day was calculated from the FFQ by multiplication of number of days per week and amount per day, divided by seven. Water consumption per day was then dichotomized into 0 (\< 500ml per day) and 1 (≥ 500ml per day), to calculate the percentage of preschoolers meeting the water consumption guideline of 500ml or more per day \[[@pone.0118303.ref023]\].

10.1371/journal.pone.0118303.t002

###### Questions and answer possibilities on preschoolers' water, sugar-sweetened beverage and snack consumption.

![](pone.0118303.t002){#pone.0118303.t002g}

                                                                               How often does your child consume the following products?   What is the average amount per day?
  ---------------------------------------------------------------------------- ----------------------------------------------------------- -------------------------------------
  Water                                                                        1\. Never or less than once per month                       1\. 100ml or less
  2\. 1--3 days per month                                                      2\. Between 100 and 200ml                                   
  3\. 1 day per week                                                           3\. Between 200 and 300ml                                   
  4\. 2--4 days per week                                                       4\. Between 300 and 400ml                                   
  5\. 5--6 days per week                                                       5\. Between 400 and 500ml                                   
  6\. Every day                                                                6\. Between 500 and 600ml                                   
  7\. Between 600 and 700ml                                                                                                                
  8\. Between 700 and 800ml                                                                                                                
  9\. Between 800 and 900ml                                                                                                                
  10\. Between 900 and 1000ml                                                                                                              
  11\. 1000ml or more                                                                                                                      
  Soft drinks                                                                  1\. Never or less than once per month                       1\. 100ml or less
  2\. 1--3 days per month                                                      2\. Between 100 and 200ml                                   
  3\. 1 day per week                                                           3\. Between 200 and 300ml                                   
  4\. 2--4 days per week                                                       4\. Between 300 and 400ml                                   
  5\. 5--6 days per week                                                       5\. Between 400 and 500ml                                   
  6\. Every day                                                                6\. Between 500 and 600ml                                   
  7\. Between 600 and 700ml                                                                                                                
  8\. Between 700 and 800ml                                                                                                                
  9\. Between 800 and 900ml                                                                                                                
  10\. Between 900 and 1000ml                                                                                                              
  11\. 1000ml or more                                                                                                                      
  Milk-based desserts (e.g., chocolate mousse, ice cream, custard)             1\. Never or less than once per month                       1\. 50g or less
  2\. 1--3 days per month                                                      2\. Between 50 and 100g                                     
  3\. 1 day per week                                                           3\. Between 100 and 150g                                    
  4\. 2--4 days per week                                                       4\. Between 150 and 200g                                    
  5\. 5--6 days per week                                                       5\. 200g or more                                            
  6\. Every day                                                                                                                            
  Chocolate and candy bars (e.g., plain chocolate bar, chocolate candy bars)   1\. Never or less than once per month                       1\. 25g or less
  2\. 1--3 days per month                                                      2\. Between 25 and 50g                                      
  3\. 1 day per week                                                           3\. Between 50 and 75g                                      
  4\. 2--4 days per week                                                       4\. Between 75 and 100g                                     
  5\. 5--6 days per week                                                       5\. Between 100 and 125g                                    
  6\. Every day                                                                6.125g or more                                              
  Sugar-based desserts (e.g., jelly beans, lollipops, hard candies)            1\. Never or less than once per month                       1\. 5g or less
  2\. 1--3 days per month                                                      2\. Between 5 and 10g                                       
  3\. 1 day per week                                                           3\. Between 10 and 15g                                      
  4\. 2--4 days per week                                                       4\. Between 15 and 20g                                      
  5\. 5--6 days per week                                                       5\. Between 20 and 25g                                      
  6\. Every day                                                                6\. Between 25 and 30g                                      
  7\. Between 30 and 35g                                                                                                                   
  8\. 35g or more                                                                                                                          
  Cakes                                                                        1\. Never or less than once per month                       1\. 35g or less
  2\. 1--3 days per month                                                      2\. Between 35 and 70g                                      
  3\. 1 day per week                                                           3\. Between 70 and 105g                                     
  4\. 2--4 days per week                                                       4\. Between 105 and 140g                                    
  5\. 5--6 days per week                                                       5\. Between 140 and 175g                                    
  6\. Every day                                                                6\. Between 175 and 210g                                    
  7\. Between 210 and 245g                                                                                                                 
  8\. 245g or more                                                                                                                         
  Biscuits                                                                     1\. Never or less than once per month                       1\. 15g or less
  2\. 1--3 days per month                                                      2\. Between 15 and 30g                                      
  3\. 1 day per week                                                           3\. Between 30 and 45g                                      
  4\. 2--4 days per week                                                       4\. Between 45 and 60g                                      
  5\. 5--6 days per week                                                       5\. 60g or more                                             
  6\. Every day                                                                                                                            
  Salty snacks (e.g., potato chips)                                            1\. Never or less than once per month                       1\. 25g or less
  2\. 1--3 days per month                                                      2\. Between 25 and 75g                                      
  3\. 1 day per week                                                           3\. 75g or more                                             
  4\. 2--4 days per week                                                                                                                   
  5\. 5--6 days per week                                                                                                                   
  6\. Every day                                                                                                                            

### Unhealthy snacking {#sec013}

Intakes of snacks were assessed by the FFQ. Intakes of milk-based desserts (e.g., chocolate mousse, ice cream, custard), chocolate and candy bars (e.g., plain chocolate bars, chocolate candy bars), sugar-based desserts (e.g., hard candies, jelly beans, lollipops), cakes, biscuits and salty snacks (e.g., potato chips) were each assessed with two food-frequency questions. First, parents/caregivers were asked on how many days per week their child consumed a snack on a six-point scale ranging from "never or less than once a month" to "every day". Subsequently they were asked to indicate how much their child ate on days they consumed the snack. Parents/caregivers were asked to tick the average amount per day for each of the unhealthy snacking categories. The possible answer categories are depicted in [Table 2](#pone.0118303.t002){ref-type="table"}. Mean intakes in g per day were calculated from the FFQ by multiplication of number of days per week and amount per day in g, divided by seven. Afterwards, mean daily intakes from all six food groups (milk-based desserts, chocolate and candy bars, sugar-based desserts, cakes, biscuits, and salty snacks) were added up and reflected the mean daily intake of snacks in g/day. The validity of the FFQ is currently the aim of another paper in preparation, but preliminary evidence suggests acceptable FFQ validity, with the 3-day-food diary used as the reference method. The FFQ performed better for some items than others. For example, Pearson's correlation coefficient was 0.30 and 0.34 for biscuits and sugar-based desserts, and 0.24 for water, but did not perform as well for other items such as soft drinks and chocolate, where low or no correlations were observed. This is most likely due to the high level of non-consumers.

Statistical analyses {#sec014}
--------------------

Prior to all analyses, all outcome measures were first checked for normal distribution (skewness \< 0.70). Sample characteristics were described using SPSS statistics version 20.0 (SPSS Inc, Chicago, IL). To examine whether EBRBs in preschoolers varied across countries, multilevel analyses were performed using MlwiN 2.28 (Centre for Multilevel Modelling, University of Bristol, UK). Multilevel modeling (three-level: child; class; kindergarten) was used to take clustering of children in classes in kindergartens into account. The likelihood ratio test was used to justify that the data fits the model, and analyses were conducted to indicate how much each higher level variable contributed to the variance of the dependent variable. All analyses were adjusted for sex and age. To compare the preschool children who had valid step count data with the preschool children who did not have valid step count data, attrition analyses were conducted as a three-level logistic regression analysis (child; class; kindergarten). For all analyses, statistical significance level was set at p \< 0.05. Values are reported as mean and standard error (SE).

Results {#sec015}
=======

In total, 10,632 preschoolers' parents/caregivers from six European countries provided written informed consent to participate in the ToyBox cross-sectional study. From those 10,632 preschoolers, step counts were collected in 5,444 preschool children (51.2%), from which 4,045 (38.1%) provided valid data for a minimum of two weekdays and one weekend day (4.77 ± 0.43 years, 52.2% boys). In addition, 8,117 parents/caregivers (76.3%) filled in the core questionnaire (4.78 ± 0.46 years old, 53.0% boys), and 7,244 parents/caregivers (68.1%) filled in the FFQ (4.77 ± 0.44 years old, 52.0% boys). [Table 3](#pone.0118303.t003){ref-type="table"} depicts the explained variance for each dependent variable at each level of the multilevel model. The between child variance appeared to be significant for all dependent variables (p \< 0.001), and the between class variance and the between kindergarten variance was significant for most dependent variables as well. Attrition analyses, comparing 4,045 preschool children with complete pedometer data to those with incomplete pedometer data (n = 1,399), showed no significant differences in age and sex.

10.1371/journal.pone.0118303.t003

###### Explained variance for each dependent variable at each level of the multilevel model.

![](pone.0118303.t003){#pone.0118303.t003g}

                              Level 1: Preschool child   Level 2: Kindergarten class   Level 3: Kindergarten                                                   
  --------------------------- -------------------------- ----------------------------- ----------------------- ------- ------- -------------- ------- -------- --------------
  Steps per weekday           63.8%                      68.53                         **\< 0.001**            8.4%    0.58    0.48           27.8%   11.61    **\< 0.001**
  Steps per weekend day       74.0%                      71.67                         **\< 0.001**            14.0%   1.28    0.26           12.0%   1.79     0.18
  PA guidelines weekday       57.1%                      45.20                         **\< 0.001**            8.5%    0.48    0.49           34.4%   16.22    **\< 0.001**
  PA guidelines weekend day   50.0%                      42.35                         **\< 0.001**            30.1%   5.69    **0.02**       19.9%   4.03     **0.045**
  TV weekday                  53.0%                      82.84                         **\< 0.001**            21.2%   5.16    **0.02**       25.8%   12.25    **\< 0.001**
  TV weekend day              38.1%                      76.89                         **\< 0.001**            45.7%   25.65   **\< 0.001**   16.2    4.20     **0.04**
  Computer weekday            32.1%                      75.15                         **\< 0.001**            22.1%   10.17   **0.001**      45.8%   58.59    **\< 0.001**
  Computer weekend day        26.1%                      74.13                         **\< 0.001**            30.1%   19.87   **\< 0.001**   43.8%   50.69    **\< 0.001**
  Quiet play weekday          42.5%                      152.99                        **\< 0.001**            0%      /       /              57.5%   240.19   **\< 0.001**
  Quiet play weekend day      57.1%                      82.84                         **\< 0.001**            1.0%    0       /              41.9%   46.78    **\< 0.001**
  SB guidelines weekday       57.1%                      86.17                         **\< 0.001**            21.0%   4.74    **0.03**       21.9%   8.42     **0.004**
  SB guidelines weekend day   49.7%                      81.91                         **\< 0.001**            30.1%   10.21   **0.001**      20.2%   7.21     **0.007**
  Water consumption           50.1%                      56.14                         **\< 0.001**            20.6%   3.98    **0.05**       29.3%   13.72    **\< 0.001**
  SSB consumption             38.8%                      54.95                         **\< 0.001**            60.0%   33.81   **\< 0.001**   1.2%    0.02     0.89
  Water guidelines            51.7%                      88.31                         **\< 0.001**            24.5%   7.63    **0.006**      23.8%   11.40    **\< 0.001**
  Snacking                    51.4%                      56.42                         **\< 0.001**            26.2%   5.89    **0.02**       22.4%   7.15     **0.008**

PA = Physical Activity; TV = Television; SB = Sedentary Behaviour; SSB = Sugar-sweetened beverage.

Physical activity {#sec016}
-----------------

The differences in preschoolers' PA levels across countries are depicted in [Table 4](#pone.0118303.t004){ref-type="table"} and [Fig. 1](#pone.0118303.g001){ref-type="fig"}. Significant differences between countries were found for steps per weekday and steps per weekend day. Greek (9,656 steps/day; SE = 148) and Bulgarian (9,777 steps/day; SE = 154) preschoolers took the least amount of steps per weekday (p\<0.001), and Spanish preschool children took the most steps per weekday (12,669 steps/day; SE = 142; p\<0.001). For weekend days, steps ranged from 8,667 (SE = 181) steps per weekend day in Greek preschoolers to 10,880 (SE = 125) steps per weekend day for Polish preschool children. Preschoolers meeting the PA guideline of 11,500 steps/day on a weekday were the highest in Spain (60.7%; p\<0.001) and the lowest in Greece (26.5%), and Bulgaria (29.3%) (p\<0.001). On weekend days, Poland (41.8%) had the highest proportion of preschoolers meeting the PA guidelines (p\<0.05), and Greece (20.3%) and Belgium (20.5%) had the lowest proportion of preschool children meeting the PA guidelines of 11,500 steps/day (p\<0.01).

![Differences in preschoolers' physical activity across countries.](pone.0118303.g001){#pone.0118303.g001}

10.1371/journal.pone.0118303.t004

###### Levels of physical activity in preschool children from six European countries (n = 4,045) (adjusted for sex and age).
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                Belgium (n = 806)                                                                                                                                                             Bulgaria (n = 470)                                                                                                                                                                   Germany (n = 449)                                                                                                                                                                    Greece (n = 575)                                                                                                                                                                     Poland (n = 1,192)                                                                                                                                                            Spain (n = 553)
  ------------- ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------ ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------ ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------ ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------- -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
                Steps per day (mean (SE))                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  
  Weekday       11,318 (126)[^c^](#t004fn004){ref-type="table-fn"} ^,^ [^e^](#t004fn006){ref-type="table-fn"} ^,^ [^g^](#t004fn008){ref-type="table-fn"}                                      9,777 (154)[^b^](#t004fn003){ref-type="table-fn"} ^,^ [^d^](#t004fn005){ref-type="table-fn"} ^,^ [^f^](#t004fn007){ref-type="table-fn"} ^,^ [^g^](#t004fn008){ref-type="table-fn"}   11,507 (158)[^c^](#t004fn004){ref-type="table-fn"} ^,^ [^e^](#t004fn006){ref-type="table-fn"} ^,^ [^g^](#t004fn008){ref-type="table-fn"}                                             9,656 (148)[^b^](#t004fn003){ref-type="table-fn"} ^,^ [^d^](#t004fn005){ref-type="table-fn"} ^,^ [^f^](#t004fn007){ref-type="table-fn"} ^,^ [^g^](#t004fn008){ref-type="table-fn"}   11,230 (102)[^c^](#t004fn004){ref-type="table-fn"} ^,^ [^e^](#t004fn006){ref-type="table-fn"} ^,^ [^g^](#t004fn008){ref-type="table-fn"}                                      12,669 (142)[^a^](#t004fn002){ref-type="table-fn"}
  Weekend day   9,095 (155)[^d^](#t004fn005){ref-type="table-fn"} ^,^ [^f^](#t004fn007){ref-type="table-fn"} ^,^ [^g^](#t004fn008){ref-type="table-fn"}                                       9,426 (194)[^d^](#t004fn005){ref-type="table-fn"} ^,^ [^e^](#t004fn006){ref-type="table-fn"} ^,^ [^f^](#t004fn007){ref-type="table-fn"} ^,^ [^g^](#t004fn008){ref-type="table-fn"}   9,966 (206)[^b^](#t004fn003){ref-type="table-fn"} ^,^ [^c^](#t004fn004){ref-type="table-fn"} ^,^ [^e^](#t004fn006){ref-type="table-fn"} ^,^ [^f^](#t004fn007){ref-type="table-fn"}   8,667 (181)[^c^](#t004fn004){ref-type="table-fn"} ^,^ [^d^](#t004fn005){ref-type="table-fn"} ^,^ [^f^](#t004fn007){ref-type="table-fn"} ^,^ [^g^](#t004fn008){ref-type="table-fn"}   10,880 (125) [^a^](#t004fn002){ref-type="table-fn"}                                                                                                                           10,438 (173)[^b^](#t004fn003){ref-type="table-fn"} ^,^ [^c^](#t004fn004){ref-type="table-fn"} ^,^ [^e^](#t004fn006){ref-type="table-fn"} ^,^ [^f^](#t004fn007){ref-type="table-fn"}
                Meeting PA guidelines[^1^](#t004fn009){ref-type="table-fn"} (%)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            
  Weekday       40.0[^c^](#t004fn004){ref-type="table-fn"} ^,^ [^d^](#t004fn005){ref-type="table-fn"} ^,^ [^e^](#t004fn006){ref-type="table-fn"} ^,^ [^g^](#t004fn008){ref-type="table-fn"}   29.3[^b^](#t004fn003){ref-type="table-fn"} ^,^ [^d^](#t004fn005){ref-type="table-fn"} ^,^ [^f^](#t004fn007){ref-type="table-fn"} ^,^ [^g^](#t004fn008){ref-type="table-fn"}          49.9[^a^](#t004fn002){ref-type="table-fn"}                                                                                                                                           26.5[^b^](#t004fn003){ref-type="table-fn"} ^,^ [^d^](#t004fn005){ref-type="table-fn"} ^,^ [^f^](#t004fn007){ref-type="table-fn"} ^,^ [^g^](#t004fn008){ref-type="table-fn"}          43.2[^c^](#t004fn004){ref-type="table-fn"} ^,^ [^d^](#t004fn005){ref-type="table-fn"} ^,^ [^e^](#t004fn006){ref-type="table-fn"} ^,^ [^g^](#t004fn008){ref-type="table-fn"}   60.7[^a^](#t004fn002){ref-type="table-fn"}
  Weekend day   20.5[^c^](#t004fn004){ref-type="table-fn"} ^,^ [^d^](#t004fn005){ref-type="table-fn"} ^,^ [^f^](#t004fn007){ref-type="table-fn"} ^,^ [^g^](#t004fn008){ref-type="table-fn"}   29.2[^b^](#t004fn003){ref-type="table-fn"} ^,^ [^e^](#t004fn006){ref-type="table-fn"} ^,^ [^f^](#t004fn007){ref-type="table-fn"} ^,^ [^g^](#t004fn008){ref-type="table-fn"}          31.4[^b^](#t004fn003){ref-type="table-fn"} ^,^ [^e^](#t004fn006){ref-type="table-fn"} ^,^ [^f^](#t004fn007){ref-type="table-fn"} ^,^ [^g^](#t004fn008){ref-type="table-fn"}          20.3[^c^](#t004fn004){ref-type="table-fn"} ^,^ [^d^](#t004fn005){ref-type="table-fn"} ^,^ [^f^](#t004fn007){ref-type="table-fn"} ^,^ [^g^](#t004fn008){ref-type="table-fn"}          41.8[^a^](#t004fn002){ref-type="table-fn"}                                                                                                                                    37.0[^a^](#t004fn002){ref-type="table-fn"}

PA = Physical Activity; SE = Standard Error;

^a^ significantly different from the other countries;

^b^ significantly different Belgium;

^c^ significantly different from Bulgaria;

^d^ significantly different from Germany;

^e^ significantly different from Greece;

^f^ significantly different from Poland;

^g^ significantly different from Spain;

^1^ ≥ 11,500 steps per day \[[@pone.0118303.ref016]\].

Sedentary behaviour {#sec017}
-------------------

The differences in preschool children's SB across countries are shown in [Table 5](#pone.0118303.t005){ref-type="table"} and [Fig. 2](#pone.0118303.g002){ref-type="fig"}. German preschoolers had the lowest amount of time watching TV on weekdays (43.3 min/day; SE = 1.5; p\<0.001), while Greek preschool children spending the most time watching TV on weekdays (88.5 min/day; SE = 1.4; p\<0.001). On weekend days, again German preschoolers had the lowest amount of time watching TV (64.8 min/day; SE = 2.3; p\<0.001), while Bulgarian (131.1 min/day; SE = 2.7) and Greek preschoolers (133.5 min/day; SE = 2.0) spent the most time watching TV on weekend days (p\<0.05). For computer use on week and weekend days, German preschoolers had the lowest amount of time spent using the computer (8.5 (SE = 0.8) and 14.8 (SE = 1.2) min/day, respectively; p\<0.001), while Bulgarian preschool children spent the most time using the computer (28.3 (SE = 0.9) and 44.4 (SE = 1.5) min/day, respectively; p\<0.001). Preschoolers' time spent in quiet play ranged from 60.4 (SE = 2.4) min/day in Spain to 104.9 (SE = 2.0) min/day in Poland for weekdays, and from 95.3 (SE = 3.1) min/day in Bulgaria to 147.2 (SE = 2.8) min/day in Belgium for weekend days. During weekdays, 71.4% of German preschoolers met the screen time guideline of spending less than one hour of screen time per day which was the highest percentage among all countries (p\<0.001). Only 24.9% of Bulgarian preschoolers met this guideline, which was the lowest percentage among all countries (p\<0.05). During weekend days, this percentage decreased to 52.1% of German preschoolers meeting the screen time guideline, and only 9.2% of Bulgarian preschoolers.

![Differences in preschoolers' sedentary time across countries.\
TV = Television.](pone.0118303.g002){#pone.0118303.g002}

10.1371/journal.pone.0118303.t005

###### Levels of sedentary behaviour in preschool children from six European countries (n = 8,117) (adjusted for sex and age).

![](pone.0118303.t005){#pone.0118303.t005g}

                Belgium (n = 1,373)                                                                                                                                                                  Bulgaria (n = 979)                                                                                                                                                                   Germany (n = 1,423)                                                                                                                                                                  Greece (n = 1,854)                                                                                                                                                                   Poland (n = 1,597)                                                                                                                                                                   Spain (n = 891)
  ------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------ ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------ ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------ ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------ ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------ ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
                Television viewing (minutes) (mean (SE))                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 
  Weekday       66.9 (1.6)[^c^](#t005fn004){ref-type="table-fn"} ^,^ [^d^](#t005fn005){ref-type="table-fn"} ^,^ [^e^](#t005fn006){ref-type="table-fn"} ^,^ [^f^](#t005fn007){ref-type="table-fn"}    79.2 (1.8)[^a^](#t005fn002){ref-type="table-fn"}                                                                                                                                     43.3 (1.5)[^a^](#t005fn002){ref-type="table-fn"}                                                                                                                                     88.5 (1.4)[^a^](#t005fn002){ref-type="table-fn"}                                                                                                                                     71.3 (1.5)[^a^](#t005fn002){ref-type="table-fn"}                                                                                                                                     65.6 (1.8)[^c^](#t005fn004){ref-type="table-fn"} ^,^ [^d^](#t005fn005){ref-type="table-fn"} ^,^ [^e^](#t005fn006){ref-type="table-fn"} ^,^ [^f^](#t005fn007){ref-type="table-fn"}
  Weekend day   116.2 (2.4)[^c^](#t005fn004){ref-type="table-fn"} ^,^ [^d^](#t005fn005){ref-type="table-fn"} ^,^ [^e^](#t005fn006){ref-type="table-fn"}                                              131.1 (2.7)[^b^](#t005fn003){ref-type="table-fn"} ^,^ [^d^](#t005fn005){ref-type="table-fn"} ^,^ [^f^](#t005fn007){ref-type="table-fn"} ^,^ [^g^](#t005fn008){ref-type="table-fn"}   64.8 (2.3)[^a^](#t005fn002){ref-type="table-fn"}                                                                                                                                     133.5 (2.0)[^b^](#t005fn003){ref-type="table-fn"} ^,^ [^d^](#t005fn005){ref-type="table-fn"} ^,^ [^f^](#t005fn007){ref-type="table-fn"} ^,^ [^g^](#t005fn008){ref-type="table-fn"}   116.0 (2.3)[^c^](#t005fn004){ref-type="table-fn"} ^,^ [^d^](#t005fn005){ref-type="table-fn"} ^,^ [^e^](#t005fn006){ref-type="table-fn"}                                              122.0 (2.8)[^c^](#t005fn004){ref-type="table-fn"} ^,^ [^d^](#t005fn005){ref-type="table-fn"} ^,^ [^e^](#t005fn006){ref-type="table-fn"}
                Computer use (minutes) (mean (SE))                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                       
  Weekday       14.6 (0.8)[^c^](#t005fn004){ref-type="table-fn"} ^,^ [^d^](#t005fn005){ref-type="table-fn"} ^,^ [^e^](#t005fn006){ref-type="table-fn"}                                               28.3 (0.9)[^a^](#t005fn002){ref-type="table-fn"}                                                                                                                                     8.5 (0.8)[^a^](#t005fn002){ref-type="table-fn"}                                                                                                                                      17.5 (0.7)[^b^](#t005fn003){ref-type="table-fn"} ^,^ [^c^](#t005fn004){ref-type="table-fn"} ^,^ [^d^](#t005fn005){ref-type="table-fn"} ^,^ [^g^](#t005fn008){ref-type="table-fn"}    16.1 (0.8)[^c^](#t005fn004){ref-type="table-fn"} ^,^ [^d^](#t005fn005){ref-type="table-fn"} ^,^ [^g^](#t005fn008){ref-type="table-fn"}                                               12.7 (1.0)[^c^](#t005fn004){ref-type="table-fn"} ^,^ [^d^](#t005fn005){ref-type="table-fn"} ^,^ [^e^](#t005fn006){ref-type="table-fn"} ^,^ [^f^](#t005fn007){ref-type="table-fn"}
  Weekend day   29.0 (1.3)[^c^](#t005fn004){ref-type="table-fn"} ^,^ [^d^](#t005fn005){ref-type="table-fn"} ^,^ [^f^](#t005fn007){ref-type="table-fn"}                                               44.4 (1.5)[^a^](#t005fn002){ref-type="table-fn"}                                                                                                                                     14.8 (1.2)[^a^](#t005fn002){ref-type="table-fn"}                                                                                                                                     29.5 (1.1)[^c^](#t005fn004){ref-type="table-fn"} ^,^ [^d^](#t005fn005){ref-type="table-fn"}                                                                                          32.4 (1.2)[^b^](#t005fn003){ref-type="table-fn"} ^,^ [^c^](#t005fn004){ref-type="table-fn"} ^,^ [^d^](#t005fn005){ref-type="table-fn"}                                               31.2 (1.5)[^c^](#t005fn004){ref-type="table-fn"} ^,^ [^d^](#t005fn005){ref-type="table-fn"}
                Quiet play (minutes) (mean (SE))                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         
  Weekday       70.2 (2.1)[^d^](#t005fn005){ref-type="table-fn"} ^,^ [^e^](#t005fn006){ref-type="table-fn"} ^,^ [^f^](#t005fn007){ref-type="table-fn"} ^,^ [^g^](#t005fn008){ref-type="table-fn"}    67.8 (2.3)[^d^](#t005fn005){ref-type="table-fn"} ^,^ [^e^](#t005fn006){ref-type="table-fn"} ^,^ [^f^](#t005fn007){ref-type="table-fn"} ^,^ [^g^](#t005fn008){ref-type="table-fn"}    92.6 (1.9)[^a^](#t005fn002){ref-type="table-fn"}                                                                                                                                     86.0 (1.7)[^a^](#t005fn002){ref-type="table-fn"}                                                                                                                                     104.9 (2.0)[^a^](#t005fn002){ref-type="table-fn"}                                                                                                                                    60.4 (2.4)[^a^](#t005fn002){ref-type="table-fn"}
  Weekend day   147.2 (2.8)[^c^](#t005fn004){ref-type="table-fn"} ^,^ [^d^](#t005fn005){ref-type="table-fn"} ^,^ [^e^](#t005fn006){ref-type="table-fn"} ^,^ [^g^](#t005fn008){ref-type="table-fn"}   95.3 (3.1)[^b^](#t005fn003){ref-type="table-fn"} ^,^ [^d^](#t005fn005){ref-type="table-fn"} ^,^ [^e^](#t005fn006){ref-type="table-fn"} ^,^ [^f^](#t005fn007){ref-type="table-fn"}    115.5 (2.6)[^b^](#t005fn003){ref-type="table-fn"} ^,^ [^c^](#t005fn004){ref-type="table-fn"} ^,^ [^f^](#t005fn007){ref-type="table-fn"} ^,^ [^g^](#t005fn008){ref-type="table-fn"}   114.8 (2.3)[^b^](#t005fn003){ref-type="table-fn"} ^,^ [^c^](#t005fn004){ref-type="table-fn"} ^,^ [^f^](#t005fn007){ref-type="table-fn"} ^,^ [^g^](#t005fn008){ref-type="table-fn"}   145.6 (2.6)[^c^](#t005fn004){ref-type="table-fn"} ^,^ [^d^](#t005fn005){ref-type="table-fn"} ^,^ [^e^](#t005fn006){ref-type="table-fn"} ^,^ [^g^](#t005fn008){ref-type="table-fn"}   102.1 (3.2)[^b^](#t005fn003){ref-type="table-fn"} ^,^ [^d^](#t005fn005){ref-type="table-fn"} ^,^ [^e^](#t005fn006){ref-type="table-fn"} ^,^ [^f^](#t005fn007){ref-type="table-fn"}
                Meeting screen time guidelines[^1^](#t005fn009){ref-type="table-fn"} (%)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 
  Weekday       43.3[^c^](#t005fn004){ref-type="table-fn"} ^,^ [^d^](#t005fn005){ref-type="table-fn"} ^,^ [^e^](#t005fn006){ref-type="table-fn"} ^,^ [^f^](#t005fn007){ref-type="table-fn"}          24.9[^a^](#t005fn002){ref-type="table-fn"}                                                                                                                                           71.4[^a^](#t005fn002){ref-type="table-fn"}                                                                                                                                           28.7[^a^](#t005fn002){ref-type="table-fn"}                                                                                                                                           37.1[^a^](#t005fn002){ref-type="table-fn"}                                                                                                                                           43.9[^c^](#t005fn004){ref-type="table-fn"} ^,^ [^d^](#t005fn005){ref-type="table-fn"} ^,^ [^e^](#t005fn006){ref-type="table-fn"} ^,^ [^f^](#t005fn007){ref-type="table-fn"}
  Weekend day   15.8[^c^](#t005fn004){ref-type="table-fn"} ^,^ [^d^](#t005fn005){ref-type="table-fn"} ^,^ [^e^](#t005fn006){ref-type="table-fn"} ^,^ [^g^](#t005fn008){ref-type="table-fn"}          9.2[^b^](#t005fn003){ref-type="table-fn"} ^,^ [^d^](#t005fn005){ref-type="table-fn"} ^,^ [^f^](#t005fn007){ref-type="table-fn"}                                                      52.1[^a^](#t005fn002){ref-type="table-fn"}                                                                                                                                           11.8[^b^](#t005fn003){ref-type="table-fn"} ^,^ [^d^](#t005fn005){ref-type="table-fn"} ^,^ [^f^](#t005fn007){ref-type="table-fn"}                                                     16.1[^c^](#t005fn004){ref-type="table-fn"} ^,^ [^d^](#t005fn005){ref-type="table-fn"} ^,^ [^e^](#t005fn006){ref-type="table-fn"} ^,^ [^g^](#t005fn008){ref-type="table-fn"}          12.3[^b^](#t005fn003){ref-type="table-fn"} ^,^ [^d^](#t005fn005){ref-type="table-fn"} ^,^ [^f^](#t005fn007){ref-type="table-fn"}

SB = Sedentary Behaviour; SE = Standard Error;

^a^ significantly different from the other countries;

^b^ significantly different Belgium;

^c^ significantly different from Bulgaria;

^d^ significantly different from Germany;

^e^ significantly different from Greece;

^f^ significantly different from Poland;

^g^ significantly different from Spain;

^1^ limit screen time to less than one hour per day \[[@pone.0118303.ref017]\].

Consumption of water, sugar-sweetened beverages, and unhealthy snacks {#sec018}
---------------------------------------------------------------------

The differences in preschool children's water and SSB consumption and snacking across countries are illustrated in [Table 6](#pone.0118303.t006){ref-type="table"} and Figs. [3](#pone.0118303.g003){ref-type="fig"} and [4](#pone.0118303.g004){ref-type="fig"}. The mean water consumption ranged from 414.0 (SE = 8.7) ml/day in Polish preschoolers to 754.0 (SE = 10.4) ml/day in Spanish preschoolers. Spain had the highest proportion of preschool children who complied with the guideline of minimum 500ml water intake per day (81.6%; p\<0.01), while Poland (36.0%) and Belgium (37.2%) had the lowest proportion of preschoolers meeting this guideline (p\<0.001). The mean intake of SSBs ranged from 13.2 (SE = 4.0) ml/day in Greek preschoolers to 156.4 (SE = 3.9) ml/day in Polish preschool children. The mean snack consumption in preschoolers ranged from 53.3 (SE = 1.6) g/day in Greek preschool children---which was lower than preschoolers of any other country (p\<0.05)---to 73.1 (SE = 1.8) g/day in Belgian preschoolers.

![Differences in preschoolers' water consumption across countries.](pone.0118303.g003){#pone.0118303.g003}

![Differences in preschoolers' soft drink consumption across countries.](pone.0118303.g004){#pone.0118303.g004}

10.1371/journal.pone.0118303.t006

###### Levels of water and sugar-sweetened beverage consumption and snacking in preschool children from six European countries (n = 7,244) (adjusted for sex and age).

![](pone.0118303.t006){#pone.0118303.t006g}

                                                             Belgium (n = 959)                                                                                                                                                             Bulgaria (n = 756)                                                                                                                                                                    Germany (n = 1,273)                                                                                                                                                                 Greece (n = 1,812)                                                                                                                                                                   Poland (n = 1,566)                                                                                                                                                            Spain (n = 878)
  ---------------------------------------------------------- ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------ ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------- -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
                                                             Water and SSB consumption (mean (SE))                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      
  Water (ml per day)                                         440.9 (10.5)[^a^](#t006fn002){ref-type="table-fn"}                                                                                                                            684.0 (11.3)[^b^](#t006fn003){ref-type="table-fn"} ^,^ [^d^](#t006fn005){ref-type="table-fn"} ^,^ [^f^](#t006fn007){ref-type="table-fn"} ^,^ [^g^](#t006fn008){ref-type="table-fn"}   522.1 (9.0)[^a^](#t006fn002){ref-type="table-fn"}                                                                                                                                   659.6 (9.1)[^b^](#t006fn003){ref-type="table-fn"} ^,^ [^d^](#t006fn005){ref-type="table-fn"} ^,^ [^f^](#t006fn007){ref-type="table-fn"} ^,^ [^g^](#t006fn008){ref-type="table-fn"}   414.0 (8.7)[^a^](#t006fn002){ref-type="table-fn"}                                                                                                                             754.0 (10.4)[^a^](#t006fn002){ref-type="table-fn"}
  SSBs (ml per day)                                          66.2 (4.7)[^a^](#t006fn002){ref-type="table-fn"}                                                                                                                              35.6 (5.1)[^b^](#t006fn003){ref-type="table-fn"} ^,^ [^e^](#t006fn006){ref-type="table-fn"} ^,^ [^f^](#t006fn007){ref-type="table-fn"} ^,^ [^g^](#t006fn008){ref-type="table-fn"}     43.8 (4.0)[^b^](#t006fn003){ref-type="table-fn"} ^,^ [^e^](#t006fn006){ref-type="table-fn"} ^,^ [^f^](#t006fn007){ref-type="table-fn"} ^,^ [^g^](#t006fn008){ref-type="table-fn"}   13.2 (4.0)[^b^](#t006fn003){ref-type="table-fn"} ^,^ [^c^](#t006fn004){ref-type="table-fn"} ^,^ [^d^](#t006fn005){ref-type="table-fn"} ^,^ [^f^](#t006fn007){ref-type="table-fn"}    156.4 (3.9)[^a^](#t006fn002){ref-type="table-fn"}                                                                                                                             14.3 (4.6)[^b^](#t006fn003){ref-type="table-fn"} ^,^ [^c^](#t006fn004){ref-type="table-fn"} ^,^ [^d^](#t006fn005){ref-type="table-fn"} ^,^ [^f^](#t006fn007){ref-type="table-fn"}
                                                             Meeting guidelines[^1^](#t006fn009){ref-type="table-fn"} (%)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               
  Water consumption                                          37.2[^c^](#t006fn004){ref-type="table-fn"} ^,^ [^d^](#t006fn005){ref-type="table-fn"} ^,^ [^e^](#t006fn006){ref-type="table-fn"} ^,^ [^g^](#t006fn008){ref-type="table-fn"}   75.5[^b^](#t006fn003){ref-type="table-fn"} ^,^ [^d^](#t006fn005){ref-type="table-fn"} ^,^ [^f^](#t006fn007){ref-type="table-fn"} ^,^ [^g^](#t006fn008){ref-type="table-fn"}           51.8[^a^](#t006fn002){ref-type="table-fn"}                                                                                                                                          72.5[^b^](#t006fn003){ref-type="table-fn"} ^,^ [^d^](#t006fn005){ref-type="table-fn"} ^,^ [^f^](#t006fn007){ref-type="table-fn"} ^,^ [^g^](#t006fn008){ref-type="table-fn"}          36.0[^c^](#t006fn004){ref-type="table-fn"} ^,^ [^d^](#t006fn005){ref-type="table-fn"} ^,^ [^e^](#t006fn006){ref-type="table-fn"} ^,^ [^g^](#t006fn008){ref-type="table-fn"}   81.6[^a^](#t006fn002){ref-type="table-fn"}
                                                             Unhealthy snacking (mean ± SE)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             
  Snacks (g per day)[^2^](#t006fn010){ref-type="table-fn"}   73.1 (1.8)[^a^](#t006fn002){ref-type="table-fn"}                                                                                                                              61.7 (1.9)[^b^](#t006fn003){ref-type="table-fn"} ^,^ [^e^](#t006fn006){ref-type="table-fn"} ^,^ [^f^](#t006fn007){ref-type="table-fn"}                                                61.4 (1.5)[^b^](#t006fn003){ref-type="table-fn"} ^,^ [^e^](#t006fn006){ref-type="table-fn"} ^,^ [^f^](#t006fn007){ref-type="table-fn"}                                              53.3 (1.6)[^a^](#t006fn002){ref-type="table-fn"}                                                                                                                                     68.1 (1.5)[^a^](#t006fn002){ref-type="table-fn"}                                                                                                                              58.8 (1.8)[^b^](#t006fn003){ref-type="table-fn"} ^,^ [^e^](#t006fn006){ref-type="table-fn"} ^,^ [^f^](#t006fn007){ref-type="table-fn"}

SSBs = Sugar-sweetened beverages; SE = Standard Error;

^a^ significantly different from the other countries;

^b^ significantly different Belgium;

^c^ significantly different from Bulgaria;

^d^ significantly different from Germany;

^e^ significantly different from Greece;

^f^ significantly different from Poland;

^g^ significantly different from Spain;

^1^ ≥ 500ml per day \[[@pone.0118303.ref023]\];

^2^ Snacks = milk-based desserts, chocolate and candy bars, sugar-based desserts, cakes, biscuits, salty snacks.

Discussion {#sec019}
==========

The current study provided up-to-date information on EBRBs among a sample of four- to six-year-old preschool children across six different European countries. Across all countries, preschoolers frequently engaged in unhealthy EBRBs, namely lack of PA, high levels of SB and unhealthy intakes of beverages and snacks. These unhealthy behaviours are potential risk factors for becoming overweight and obese \[[@pone.0118303.ref004]\], and varied markedly across countries. Less than half of European preschoolers met the PA threshold of 11,500 steps per day \[[@pone.0118303.ref016]\], with Greek and Bulgarian preschoolers engaging in the lowest levels of PA, and Spanish and Polish preschoolers engaging in the highest levels of PA. Strikingly, still a large amount of preschool children in the countries with the highest levels of PA (i.e., Spain and Poland) fail to meet the PA recommendations. Although many countries have already developed national PA policies and action plans regarding PA in preschool children \[[@pone.0118303.ref029]\], these national policy measures and action plans are based on older PA guidelines and should be further developed and updated towards the most recent PA guidelines, since preschoolers' low PA levels underline the need for further improvement of these policies. Therefore, these policy measures could specifically state that preschool children should accumulate a minimum of 180 minutes of total PA per day \[[@pone.0118303.ref012]--[@pone.0118303.ref015]\]. Differences in country-specific kindergarten policies and environments might be a possible explanation for the variations in preschoolers' PA levels. For example, in Spain and Belgium, kindergartens provide physical education (PE) sessions for about two hours per week, while the other four countries do not \[[@pone.0118303.ref030], [@pone.0118303.ref031]\].

Furthermore, a relatively high percentage (71.4% on weekdays and 52.1% on weekend days) of German preschool children---compared with the other countries---met the guidelines of screen viewing behaviour. Only low proportions of preschoolers from the other European countries met the guidelines of limiting screen viewing behaviour to one hour per day, ranging from 24.9% to 43.9% on weekdays and from 9.2% to 16.1% on weekend days. Time spent using a computer was lower in all countries compared to time spent watching TV. A possible explanation might be that the computer is used for educational purposes rather than for pleasure in this age group, which has been mentioned in previously conducted focus groups with preschoolers' parents/caregivers \[[@pone.0118303.ref032]\]. In addition, some preschoolers might have an easier access to the TV compared with the computer, as they need parental/caregivers' supervision to use the computer which is not the case for watching TV \[[@pone.0118303.ref032], [@pone.0118303.ref033]\]. SB guidelines for preschool children mainly focus on reducing screen time in this age group \[[@pone.0118303.ref012]\], because screen time---and television viewing in particular---is the most common SB in preschool children, and is frequently used as a proxy marker of overall SB in children \[[@pone.0118303.ref012], [@pone.0118303.ref020]\]. However, overall sedentary time is not just made up of screen time, so it is important to measure preschoolers' time spent in quiet play as well. Based on the descriptive results from the current study, we can conclude that preschoolers also spent considerable amounts of time in quiet play (e.g., looking into books, puzzling, drawing, tinkering), which was equal to or higher than the amount of time spent in screen viewing behaviours for some countries. Although the time spent in quiet play is important for preschoolers' cognitive development as it is productive SB \[[@pone.0118303.ref012]\], some activities could be performed in a more active way, for example by performing these activities by standing up. In addition, preschool children could also break up their sitting time. A study in Australian adults showed that breaking up sedentary time causes positive metabolic effects \[[@pone.0118303.ref034]\]. However, the effects of breaking up sedentary time in preschool children has been understudied \[[@pone.0118303.ref035]\], which means that more research is needed to confirm these positive metabolic effects in this young age group. The results show that SB interventions not only should target TV viewing---the most commonly targeted SB in preschool children \[[@pone.0118303.ref036], [@pone.0118303.ref037]\]---but also target total sedentary time which includes TV viewing, screen viewing behaviours as well as other SBs like time spent in quiet play \[[@pone.0118303.ref038]\]. For example, parents/caregivers and teachers could try to avoid prolonged periods of quiet play by promoting activity breaks in between the activities in quiet play. To our knowledge, only Flanders (Belgium) has a national country-specific policy concerning limiting preschoolers' time spent in SB, and states that children between one and six years old should limit their time spent in prolonged periods of SB \[[@pone.0118303.ref018]\]. However, policy makers should be made aware of the importance of limiting time spent in SBs in preschool children. This message should also be spread to kindergarten teachers because recently conducted focus groups showed that kindergarten teachers do not see the need to limit preschoolers' time sitting down since teachers do not perceive this as a problem \[[@pone.0118303.ref039]\].

Polish preschoolers had the lowest intakes of water, while Spanish preschoolers had the highest intakes of water. Conversely, the highest intakes of SSBs were found in Polish preschool children, while the lowest SSB intakes were found in Greek and Spanish preschoolers. The consumption of snacks was more or less similar across countries, with the highest snack intake in Belgium and the lowest snack intake in Greece. The difference in water consumption across countries might be explained by the differences in climate. In the South-European countries (i.e., Bulgaria, Greece, and Spain), the outside air temperatures during spring and summer are generally higher compared to the West- and Central-European countries (i.e., Belgium, Germany, and Poland), which might mean that preschoolers have a higher thirst to quench, and therefore they might drink water more easily and willingly. Furthermore, the South-European preschoolers might not perceive the need to consume other beverages (e.g., SSBs) since they already have higher intakes of water. On the other hand, the West- and Central-European preschoolers might compensate their low water consumption by a higher intake of SSBs. Conversely, South-European preschoolers might already be able to understand the health risks of SSBs \[[@pone.0118303.ref040]\], which could result in drinking less SSBs compared to preschool children from the West- and Central-European countries. General national country-specific policies and action plans regarding food and nutrition exist in most European countries \[[@pone.0118303.ref041], [@pone.0118303.ref042]\]. However, in recently conducted focus groups, kindergarten teachers mentioned that different types of beverages are allowed in European kindergartens, meaning that kindergarten policies can differ between countries \[[@pone.0118303.ref043]\]. Therefore, policy makers should be informed about the importance of decreasing SSB consumption and increasing water consumption among preschool children, which they could address in their policies.

The descriptive results from the ToyBox cross-sectional study support the view that overweight and obesity prevention interventions should target this young age group, and that all EBRBs should be targeted at the same time and not one behaviour at a time, since the current study shows that levels of all EBRBs appear to be a problem in all six countries (e.g., low levels of PA, high levels of SB, high levels of SSBs and unhealthy snacks), but to a different degree. Furthermore, when we look at all EBRBs simultaneously, it is apparent that Spain and the West- and Central-European countries have higher levels of PA and lower levels of SB compared to the other South-European countries. However, West- and Central-European countries have lower intakes of water and higher intakes of SSBs and snacks compared to the South-European countries. The results from the current study show that more standard, general interventions targeting EBRBs in different European countries without room for country-specific adaptations might be questioned since large differences between European preschoolers' EBRBs were found in the current study. Therefore, future interventions targeting EBRBs in European preschool children should try to target all EBRBs simultaneously, but country-specific adaptations should be made with more emphasis on increasing PA and decreasing SB in South-European countries, and more emphasis on increasing water consumption and decreasing SSB consumption in West- and Central-European countries. Making room for country-specific adaptations in large cross-European intervention studies might therefore increase the effectiveness of these intervention programs in enhancing preschoolers' EBRBs.

The most important strength of the current study was the large amount of data on preschoolers' EBRBs across six different European countries, collected using a standardized data collection protocol. By comparing differences in preschoolers' EBRBs across six European countries, lifestyle differences were detected. Furthermore, possible cluster effects were taken into account, and PA was objectively assessed. A limitation might be the subjective parental report of SB and beverage and snack consumption, which might lead to a possible bias because of parents/caregivers' social desirability. In addition, parents/caregivers could have reported their child's behaviour as quiet play, even if there was an active component present. Furthermore, passive transportation was not studied, although passive transportation is also a context of preschool children's SB. Another limitation was the relatively large drop-out of pedometer data due to insufficient valid days. The preschool children who dropped out might have been the preschoolers who were less physically active. Finally, for preschool children between 5 and 5.5 years old who were included in this study, we used the guidelines for preschool children under five years of age. However, it should be noted that no specific guidelines for overall SB exist in preschool children, which means that more research is needed in this area.

Conclusion {#sec020}
==========

Differences in preschoolers' EBRBs were found across six European countries, with Bulgaria and Greece having lower levels of PA and higher levels of SB and Belgium, Germany and Poland having lower intakes of water and higher intakes of SSBs and snacks. Furthermore, low proportions of preschool children met the guidelines for PA, SB and water intake, suggesting that future interventions should target European preschoolers' EBRBs simultaneously, with room for local and cultural country-specific adaptations. Country-specific policies and interventions are needed to improve preschoolers' EBRBs.
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###### Dataset physical activity (steps per day).

(TIF)

###### 

Click here for additional data file.

###### Dataset snack consumption.

(TIF)

###### 

Click here for additional data file.

###### Dataset water consumption and sugar-sweetened beverage consumption.

(TIF)

###### 

Click here for additional data file.

###### Dataset sedentary behaviour.

(TIF)

###### 

Click here for additional data file.
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